Summary
The diagnosis of hypertrophic cardiomyopathy has relied on echocardiographic demonstration of unexplained left ventricular hypertrophy. The prevalence of hypertrophic cardiomyopathy defined in this way has been estimated to be 1:500 and experience indicates that these criteria are relatively specific when other causes of left ventricular hypertrophy are absent. In recent years, however, the systematic evaluation of pedigrees performed in the context of molecular genetic studies revealed that in some families with hypertrophic cardiomyopathy up to 20% of adults who carry a disease causing gene defect do not fulfil conventional echocardiographic criteria. None the less, most of these individuals show symptoms, electrocardiographic alterations, and/or minor echocardiographic abnormalities. Revised diagnostic criteria in members of families with hypertrophic cardiomyopathy are proposed, including major and minor criteria based on symptoms, and electrocardiographic and echocardiographic abnormalities. Given that the chance of inheriting the gene defect is 1:2, the likelihood that symptoms plus electrocardiographic or echocardiographic abnormalities are the expression of a disease causing gene is high. Because familial hypertrophic cardiomyopathy has an autosomal dominant pattern of inheritance, the probability of disease in first degree relatives is 50% and within an affected family the likelihood that minor electrocardiographic or echocardiographic abnormalities represent the expression of disease is much greater than it would be outside the context of familial disease. It is uncertain whether subjects with these mild morphological alterations are at significant risk of developing important clinical manifestations of the disease. Sudden death, supraventricular and ventricular tachycardias, and embolic cerebrovascular accidents have been documented in such individuals.'0 1' 14 The distinction between affected and non-affected members is also important for pedigree analysis and family counselling and for genetic analyses aimed at identifying linkage to a particular chromosomal locus.
Based on the premise that in the context of familial disease otherwise unexplained mild echocardiographic or electrocardiographic abnormalities will have a high probability of being the expression of a gene abnormality, we propose that the diagnosis of hypertrophic car-Experience from clinical genetics in hypertrophic cardiomyopathy: proposalfor new diagnostic criteria in adult members of affectedfamilies Therefore, the proposed criteria cannot be applied to children and adolescents. Diagnostic criteria in those under 10 years of age would require a body surface area corrected left ventricular wall thickness of > 10 mm; this provides a specific diagnostic criterion but the absence of such a feature does not exclude disease.
Echocardiographic criteria
Cross sectional echocardiographic measurements of left ventricular wall thickness are obtained at end diastole, primarily from the parastemal short-axis planes; the parasternal long-axis and apical views are also used to integrate the observations obtained from the short-axis views. In the parasternal short-axis plane, the left ventricle is divided into four segments that identify the anterior and posterior portions of the ventricular septum, and the lateral and infero-posterior left ventricular free walls.'7 Wall thickness is measured at the levels of both the mitral valve and the papillary muscles in each of these four ventricular segments. Because the resolution of the ultrasound beam is lower in the segments that are not perpendicular to the beam-that is, the posterior septum and lateral free wall, the wall thickness values required for diagnosis of left ventricular hypertrophy in these segments are higher than those used for the posterior septum and lateral free wall.
Left ventricular wall thickness measurements are influenced by variables such as gender, body size, and left ventricular diastolic cavity dimension. It is beyond the scope of this article to provide correction values for these variables. Nevertheless it is important to emphasise that, for example, a left ventricular wall thickness of 12 mm would have a higher diagnostic power in a woman 160 cm in height and with a left ventricular diastolic cavity size of < 45 mm than in a man 180 cm in height and with a cavity size of 55 mm.
Hypertrophy may be confined to the distal portion of the left ventricle in some subjects. Measurements of wall thickness in the distal left ventricle are less accurate than those obtained in the proximal portion, since the ultrasound beam is not perpendicular to the distal segments of the septum or the free wall. Therefore, determination of wall thickness in the apical portion of the ventricle relies on a qualitative rather than a quantitative assessment.
Abnormalities of the mitral valve apparatus, with particularly long and redundant valve leaflets, have been described in patients with hypertrophic cardiomyopathy.'9 Affected family members may show redundant mitral valve leaflets with or without mild-to-moderate systolic anterior motion (SAM) of the leaflets. This echocardiographic feature can be considered a minor criterion for diagnosis in a family member and can be used for diagnosis in association with other minor criteria.
Systolic anterior motion of the mitral valve should be assessed according to established criteria and defined as being severe in the presence of anterior mitral leaflet-septal contact, or moderate in the absence of leaflet-septal contact.20
Electrocardiographic criteria
In some family members with genetically confirmed hypertrophic cardiomyopathy, echocardiographic studies are normal and electrocardiographic abnormalities may be the only clinical expression of the disease. It is proposed that a single major electrocardiographic criterion shown in the table is indicative of disease. This is based on observations in patients who are gene carriers but do not fulfil echocardiographic diagnostic criteria.'1"3 21 Such abnormalities include left ventricular hypertrophy with repolarisation changes, isolated repolarisation changes with moderate to severe T wave inversion, and deep Q waves among the major criteria, because these electrocardiographic alterations are seldom present in the absence of obvious cardiovascular disease whereas they are the most common electrocardiographic abnormalities in family members who carry the defective gene but do not have echocardiographic alterations characteristic of hypertrophic cardiomyopathy.'1"3 22 Conversely, minor left ventricular interventricular conduction defects or repolarisation changes and a deep S wave in lead V2 are included among the minor electrocardiographic criteria, because these abnormalities, while not uncommon in hypertrophic cardiomyopathy, may also be found in the normal population in the absence of significant cardiovascular disease. Complete left or right bundle branch block are uncommon in the absence of other echocardiographic or electrocardiographic features of hypertrophic cardiomyopathy. In addition, they may be found in the absence of other evidence of cardiovascular disease, particularly in the elderly.
Symptoms of chest pain (rest or exertional), disproportionate dyspnoea on exertion, or exertion-related syncope may be important markers of disease in the young, but will be less so in the older patients where the likelihood of other, though perhaps unrecognised, cardiovascular disease will be greater.
The above criteria for diagnosis of hypertrophic cardiomyopathy in members of affected families are presented as a working framework to improve diagnostic accuracy and understanding of the broad spectrum of the disease. It is recognised that penetrance of the disease is occasionally incomplete and some genetically affected adults have a normal ECG and cross sectional echocardiogram. In addition, fulfilment of these criteria does not necessarily imply exposure to the risks and limitations known to be associated with hypertrophic cardiomyopathy. Long term follow up studies of this emerging population of 'healthy' carriers of the genetic abnormality will be needed to clarify the natural history of this apparently less severe expression of the clinical disease spectrum.
